A METHOD AND SYSTEM FOR CALCULATING AVAILABLE POWER OF A 

BATTERY 

CROSS REFERENCE TO RELATED APPLICATIONS 

[001] This application claims priority to Korean Application Nos. 10-2003- 

0056187, filed on August 13, 2003, and 10-2003-0086648, filed on December 2, 2003, 
the disclosures of which are incorporated fully here by reference. 

FIELD OF THE INVENTION 

[002] The present invention relates to a method and system for calculating 

available power of a battery. 

BACKGROUND OF THE INVENTION 

[003] Generally, in order to use a battery as a power source, it is necessary 

to be aware of available power of the battery under a specific condition. In particular, in 
a hybrid electric vehicle that uses the battery as one of its power sources, it is important 
to exactly predict a maximum available power of the battery. However, the available 
power of the battery changes according to a state of charge (SOC), a battery 
temperature, and aging of the battery. Therefore, it is difficult to exactly know the 
available power of the battery. 

[004] A battery control unit for a hybrid electric vehicle generally 

determines available charge power and available discharge power in real time, and 
sends the determined available power information to a hybrid electric vehicle control 
unit (HCU), in order to maximally use the battery. In the past, the available battery 
power has generally been calculated using a condition of maximum electric power 
transmission. As an example, in a steady state, battery power can be calculated by the 
following equation. 
[005] [Equation] 

where Re is an equivalent resistance of a battery, V oc is an effective no-load 
voltage of the battery, and r is a resistance of a load. 

[006] In the above equation, if the equivalent resistance of the battery is 

equal to the resistance of the battery (i.e., r=Re), a maximum power (i.e., Pmax = Voc 2 /4R<0 
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is transmitted to the load. That is, a maximum power can be used when the equivalent 
resistance of the battery is equal to the resistance of the battery from the condition of the 
maximum power transmission. However, in the above method to calculate the 
maximum available power, battery operating voltage is not considered, and the 
resistance of the load must be known to calculate the maximum power. Therefore, it is 
quite difficult to use such a method for a hybrid electric vehicle. 

[0071 The information disclosed in this Background of the Invention section 

is only for enhancement of understanding of the background of the invention and should 
not be taken as an acknowledgement or any form of suggestion that this information 
forms the prior art that is already known to a person skilled in the art. 

SUMMARY OF THE INVENTION 

[008] Embodiments of the present invention provide methods and systems 

that can calculate available power of a battery on the basis of battery conditions. 
[009] In a preferred embodiment of the present invention, the method for 

calculating available power of a battery comprises: 

calculating an equivalent charge resistance at a current charge current, a current 
SOC (state of charge), and a current battery temperature using predetermined equivalent 
charge resistance data; 

calculating an effective no-load charge voltage at the current charge current, the 
current SOC, and the current battery temperature using predetermined effective no-load 
charge voltage data; 

calculating a maximum charge current based on the equivalent charge 
resistance, the effective no-load charge voltage, and a predetermined maximum charge 
voltage; and 

calculating available charge power based on the maximum charge current, the 
predetermined maximum charge voltage, and a predetermined battery maximum 
current. 

[0010] It is preferable that the maximum charge current is calculated by 

dividing a difference between the predetermined maximum charge voltage and the 
effective no-load charge voltage by the equivalent charge resistance. 
[0011] Preferably, in calculating available charge power, the available charge 

power is calculated by multiplying the predetermined maximum charge voltage by the 
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predetermined battery maximum current if the maximum charge current is greater than 
the predetermined battery maximum current, and the available charge power is 
calculated by multiplying the predetermined maximum charge voltage by the maximum 
charge current if the maximum charge current is not greater than the predetermined 
battery maximum current. 

[0012] Preferably, the method further comprises renewing a charge voltage 

feedback factor based on the current battery voltage and the predetermined maximum 
charge voltage, and in calculating available charge power, the available charge power is 
based on the maximum charge current, the predetermined maximum charge voltage, the 
predetermined battery maximum current, and the charge voltage feedback factor. 
[0013] Further preferably, in calculating available charge power, the available 

charge power is calculated through a multiplication of the predetermined maximum 
charge voltage, the predetermined battery maximum current, and the charge voltage 
feedback factor if the maximum charge current is greater than the predetermined battery 
maximum current, and the available charge power is calculated through a multiplication 
of the predetermined maximum charge voltage, the maximum charge current, and the 
charge voltage feedback factor if the maximum charge current is not greater than the 
predetermined battery maximum current. 

[0014] It is preferable that in renewing a charge voltage feedback factor, the 

charge voltage feedback factor is decreased by a first predetermined value if the current 
battery voltage is greater than the predetermined maximum charge voltage, and the 
charge voltage feedback factor is increased by a second predetermined value if the 
current battery voltage is not greater than the predetermined maximum charge voltage. 
[0015] It is further preferable that in renewing a charge voltage feedback factor, 

the charge voltage feedback factor is set as 1 if the changed charge voltage feedback 
factor is greater than 1 , and the charge voltage feedback factor is set as 0 if the changed 
charge voltage feedback factor is less than 0. 

[0016] It is preferable that the equivalent charge resistance data include a 

plurality of equivalent charge resistances respectively at predetermined charge current 

ranges, predetermined SOCs, and predetermined battery temperatures. 

[0017] It is further preferable that the equivalent charge resistance at the current 

charge current, the current SOC, and the current battery temperature are calculated 

through interpolation using the equivalent charge resistance data. 

[0018] It is preferable that the effective no-load charge voltage data include a 

plurality of effective no-load charge voltages respectively at predetermined charge 

current ranges, predetermined SOCs, and predetermined battery temperatures. 
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[0019] It is further preferable that the effective no-load charge voltage at the 

current charge current, the current SOC, and the current battery temperature are 
calculated through interpolation using the effective no-load charge voltage data. 
[0020] In another embodiment of the present invention, the method for 

calculating available power of a battery comprising: 

calculating an equivalent discharge resistance at a current discharge current, a 
current SOC (state of charge), and a current battery temperature using predetermined 
equivalent discharge resistance data; 

calculating an effective no-load discharge voltage at the current discharge 
current, the current SOC, and the current battery temperature using predetermined 
effective no-load discharge voltage data; 

calculating a maximum discharge current based on the equivalent discharge 
resistance, the effective no-load discharge voltage, and a predetermined minimum 
discharge voltage; 

calculating a discharge terminal voltage based on the maximum discharge 
current, the effective no-load discharge voltage, the equivalent discharge resistance, and 
a predetermined battery maximum current; and 

calculating available discharge power based on the maximum discharge current 
and the discharge terminal voltage. 

[0021] It is preferable that the maximum discharge current is calculated by 

dividing a difference between the effective no-load discharge voltage and the 
predetermined minimum discharge voltage by the equivalent discharge resistance. 
[0022] It is also preferable that in calculating a discharge terminal voltage, 

the discharge terminal voltage is calculated as a difference between the effective no- 
load discharge voltage and a multiplication of the predetermined battery maximum 
current and the equivalent discharge resistance if the maximum discharge current is 
greater than the predetermined battery maximum current, and the discharge terminal 
voltage is calculated as a difference between the effective no-load discharge voltage and 
a multiplication of the maximum discharge current and the equivalent discharge 
resistance if the maximum discharge current is not greater than the predetermined 
battery maximum current. 

[0023] It is further preferable that in calculating available discharge power, 

the available discharge power is calculated through a multiplication of the discharge 
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terminal voltage and the maximum discharge current. 

[0024] Preferably, the method further comprises renewing a discharge voltage 

feedback factor based on the current battery voltage and the predetermined minimum 
discharge voltage, and in calculating available discharge power, the available discharge 
power is calculated based on the maximum discharge current, the discharge terminal 
voltage, and the discharge voltage feedback factor. 

[0025] Further preferably, in calculating a discharge terminal voltage, the 

discharge terminal voltage is calculated as a difference between the effective no-load 
discharge voltage and a multiplication of the predetermined battery maximum current 
and the equivalent discharge resistance if the maximum discharge current is greater than 
the predetermined battery maximum current, and the discharge terminal voltage is 
calculated as a difference between the effective no-load discharge voltage and a 
multiplication of the maximum discharge current and the equivalent discharge 
resistance if the maximum discharge current is not greater than the predetermined 
battery maximum current. 

[0026] Still further preferably, in calculating available discharge power, the 

available discharge power is calculated through a multiplication of the discharge 
terminal voltage, the maximum discharge current, and the discharge voltage feedback 
factor. 

[0027] It is preferable that in renewing a discharge voltage feedback factor, 

the discharge voltage feedback factor is decreased by a first predetermined value if the 
current battery voltage is less than the predetermined minimum discharge voltage, and 
the discharge voltage feedback factor is increased by a second predetermined value if 
the current battery voltage is not less than the predetermined minimum discharge 
voltage. 

[0028] Preferably, in renewing a discharge voltage feedback factor, the 

discharge voltage feedback factor is set as 1 if the changed discharge voltage feedback 
factor is greater than 1, and the discharge voltage feedback factor is set as 0 if the 
changed discharge voltage feedback factor is less than 0. 

[0029] It is preferable that the equivalent discharge resistance data include a 

plurality of equivalent discharge resistances respectively at predetermined discharge 

current ranges, predetermined SOCs, and predetermined battery temperatures. 

[0030] It is further preferable that the equivalent discharge resistance at the 

current discharge current, the current SOC, and the current battery temperature are 

calculated through interpolation using the equivalent discharge resistance data. 

[0031] It is also preferable that the effective no-load discharge voltage data 
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include a plurality of effective no-load discharge voltages respectively at predetermined 
discharge current ranges, predetermined SOCs, and predetermined battery temperatures. 
[0032] It is further preferable that the effective no-load discharge voltage at 

the current discharge current, the current SOC, and the current battery temperature are 
calculated through interpolation using the effective no-load discharge voltage data. 
f00331 In an embodiment of the present invention, the system for calculating 

available power of a battery comprises a battery temperature sensor, a battery current 
sensor, a battery voltage sensor, and a battery control unit. The battery temperature 
sensor detects a temperature of the battery and outputs a corresponding signal. The 
battery current sensor detects a current of the battery and outputs a corresponding 
signal. The battery voltage sensor detects a voltage of the battery and outputs a 
corresponding signal. The battery control unit receives signals from the battery 
temperature sensor, the battery current sensor, and the battery voltage sensor. The 
battery control unit is programmed to perform one of the above methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The accompanying drawings, which are incorporated in and constitute 

a part of the specification, illustrate an embodiment of the invention, and together with 
the description, serve to explain the principles of the invention, where: 
[0035] FIG. 1 is a block diagram of a system for calculating available power 

of a battery according to an embodiment of the present invention; 

[0036] FIG. 2 is a flowchart showing a method for calculating available 

charge power of a battery according to an embodiment of the present invention; 
[0037] FIG. 3 is a flowchart showing a method for calculating available 

charge power of a battery according to another embodiment of the present invention; 
[0038] FIG. 4 is a flowchart showing a method for determining a charge 

voltage feedback factor in the method of FIG. 3; 

[0039] FIG. 5 is a flowchart showing a method for calculating available 

discharge power of a battery according to an embodiment of the present invention; 
[0040] FIG. 6 is a flowchart showing a method for calculating available 

discharge power of a battery according to another embodiment of the present invention; 
and 

[0041] FIG. 7 is a flowchart showing a method for determining a discharge 

voltage feedback factor in the method of FIG. 6. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0042] Hereinafter, embodiments of the present invention will be described in 

detail with reference to the accompanying drawings. 

[0043] As shown in FIG. 1, a system 10 for calculating available power of a 

battery 20 according to an embodiment of the present invention comprises a battery 
control unit 11, a battery temperature sensor 13, a battery current sensor 15, and a 
battery voltage sensor 17. The battery temperature sensor 13 detects the temperature of 
the battery 20 and outputs a corresponding signal. The battery current sensor 15 detects 
the current (a charge current or a discharge current) of the battery 20 and outputs a 
corresponding signal. The battery voltage sensor 17 detects the voltage of the battery 
20 and outputs a corresponding signal. The battery control unit 1 1 receives the signals 
indicating the battery temperature, the battery current, and the battery voltage from the 
battery temperature sensor 13, the battery current sensor 15, and the battery voltage 
sensor 17. 

[0044] The battery control unit 1 1 preferably includes a processor, a memory, 

and other necessary hardware and software components as will be understood by 
persons skilled in the art, to permit the control unit to 1 1 communicate with sensors and 
execute the control logic as described herein. 

[0045] Referring to FIG. 2, a method for calculating available charge power 

of a battery according to an embodiment of the present invention will be explained. 
[0046] At first, in step S201, the battery control unit 11 detects a current 

charge current I C h a , a current SOC (State Of Charge), and a current Teat- The charge 
current and the battery temperature can be respectively detected by the battery current 
sensor 15 and the battery temperature sensor 13. 

[0047] In this technical field, various methods for determining the SOC have 

been introduced. As an example, the SOC can be determined by accumulating an 
amount of current of the battery 20, that is, the battery SOC can be determined based on 
the signal of the battery current sensor 15. 

[0048] Then, in step S203, the battery control unit 11 calculates an effective 

no-load charge voltage V C h a _oc at the current SOC, the current battery temperature Tbat, 
and the current charge current I cha . 

[0049] In addition, in step S205, the battery control unit 11 calculates an 

equivalent charge resistance Rcha_e at the current SOC, the current battery temperature 
Tbat> and the current charge current I C h a . 

[0050] The effective no-load charge voltage and the equivalent charge 

resistance can be calculated using predetermined effective no-load charge voltage data 
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and predetermined equivalent charge resistance data. 

[0051] The predetermined effective no-load charge voltage data include 

effective no-load charge voltage values respectively at various predetermined charge 
current ranges, various predetermined SOCs, and various predetermined battery 
temperatures. 

[0052] The predetermined equivalent charge resistance data and the 

predetermined effective no-load charge voltage data can be determined through 
experiments. 

[0053] For example, battery terminal voltages are detected at each of the 

predetermined SOCs at one of the predetermined charge current ranges while a battery 
is charged by a constant current at a predetermined temperature. Such detection is 
repeated for each of the predetermined charge current ranges at various battery 
temperatures. 

[0054] Then, the equivalent charge resistances Re qu are calculated at the 

predetermined charge current ranges, the predetermined SOCs, and the predetermined 
battery temperatures, based on the constant currents and the detected terminal voltages. 
As an example, if the detected terminal voltage is Vi when the battery is charged by the 
constant current Ii and the detected terminal voltage is V2 when the battery is charged 
by the constant current I 2 , the equivalent resistance can be calculated by dividing a 
difference between the V2 and the Vi by a difference between the I2 and the Ii, i.e., Re qu 
= (V 2 -Vi)/(I 2 -Ii). By performing this calculation for each of the predetermined SOCs 
respectively at the predetermined charge current ranges and at the predetermined battery 
temperatures, the equivalent charge resistance data can be determined. 
[0055] Then, the effective no-load charge voltage V e ff can be calculated based 

on the calculated equivalent charge resistance data, the constant current, and the 
detected terminal voltage. For example, the effective no-load charge voltage can be 
calculated by summing the detected terminal voltage Vj and a value acquired by 
multiplying the constant current Ii by the equivalent charge resistance, i.e., V e ff = Vj + 
Requ or by summing the detected terminal voltage V 2 and a value acquired by 
multiplying the constant current I 2 by the equivalent charge resistance, i.e., V c ff = V 2 + 
Requ *I 2 . By performing this calculation for each of the predetermined SOC, respectively 
at the predetermined charge current ranges and at the predetermined battery 
temperatures, the effective no-load charge voltage data can be determined. 
[0056] Based on the equivalent charge resistance data and the effective no- 

load charge voltage data, the equivalent charge resistance Rcha_e and the effective no- 
load charge voltage V cha _oc can be calculated at the current SOC, the current battery 
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temperature, and the current charge current. 

[0057] The equivalent charge resistance Rcha_ e and the effective no-load 

charge voltage V C h a0 c at the current SOC, the current battery temperature, and the 

current charge current can be determined through interpolation using the equivalent 

charge resistance data and the effective no-load charge voltage data. 

[0058] Then, in step S207, the battery control unit 1 1 calculates a maximum 

charge current I C ha_max by the following equation. 

[0059] [Equation] 

V -V 

J — cha - rmx cha_oc 

1 cha _ max " p 

K cha_e 

where V cha _max is a predetermined maximum charge voltage, V C h a _oc is the 
effective no-load charge voltage, and Rcha_e is the equivalent charge resistance. The 
predetermined maximum charge voltage V C h a _max is a maximum voltage at which a 
battery normally operates, and it is inherently determined for each battery. 

[0060] After calculating the maximum charge current I c ha_jnax in step S209, 

the battery control unit 1 1 calculates available charge power P ava iiabie_cha based on the 
predetermined maximum charge voltage V cha _ ma x, the maximum charge current I C ha_max, 
and a predetermined battery maximum current Ibat_max- 

[0061] The predetermined battery maximum current is a maximum current 

that can flow from a battery in a normal operation of the battery, and it is inherently 
determined for each battery. 

[0062] In step S211, the battery control unit 11 determines whether the 

calculated maximum charge current is greater than the predetermined battery maximum 
current. 

[0063] If it is determined that the maximum charge current is not greater than 

the predetermined battery maximum current in step S211, the battery control unit 11 
calculates the available charge power P ava iiabie_cha by the following equation (S213). 
[0064] [Equation] 

Pavailable_cha — V c ha_max* Icha_max 

[0065] On the other hand, if the determination in step S21 1 is affirmative, the 

battery control unit 1 1 calculates the available charge power P aV aiiabie_cha by the following 
equation (S215). 
[0066] [Equation] 

Pavailable cha - V c ha max*Ibat max 
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[0067] Hereinafter, referring to FIGs. 3 and 4, a method for calculating 

available charge power of a battery according to another embodiment of the present 
invention will be explained. 

[0068] At first, in step S300, the battery control unit 11 renews a charge 

voltage feedback factor G cha based on the current battery voltage and the above-stated 

predetermined maximum charge voltage V cha _max of the battery 20. 

[0069] The charge voltage feedback factor is a feedback factor to prevent a 

battery error that can be caused when the voltage of the battery can be greater than a 

normal operation voltage, by decreasing available charge power if the current battery 

voltage is greater than the predetermined maximum charge voltage. 

[0070] Referring to FIG. 4, renewing of the charge voltage feedback factor 

Gcha will be explained. 

[0071] At first, in step S401, the battery control unit 1 1 determines whether a 

current battery voltage V ba t_reai is greater than the predetermined maximum charge 
voltage V cha max- 

[0072] If the current battery voltage V ba t_reai is greater than the predetermined 

maximum charge voltage V C ha_max, the charge voltage feedback factor G cha that was 
calculated in a previous routine is decreased by a predetermined value in step S403. As 
an example, the predetermined value can be 0.03. 

[0073] On the other hand, if the current battery voltage V ba t_reai is not greater 

than the predetermined maximum charge voltage V cha _max, the charge voltage feedback 
factor G C ha that was calculated in the previous routine is increased by a predetermined 
value in step S405. As an example, the predetermined value can be 0.01 . 
[0074] Then, in step S407, the battery control unit 1 1 determines whether the 

changed charge voltage feedback factor G C ha is greater than 1 . 

[0075] If the determination in step S407 is affirmative, the charge voltage 

feedback factor G C ha is set as 1 in step S409. 

[0076] On the other hand, if the determination in step S407 is negative, the 

battery control unit 1 1 determines whether the changed charge voltage feedback factor 
Gcha is less than 0 in step S41 1 . 

[0077] If the determination in step S411 is affirmative, the charge voltage 

feedback factor G C ha is set as 0 in step SS413, and otherwise, the process ends. 
[0078] Referring again to FIG. 3, in step S301, the battery control unit 11 

detects a current charge current I cha , a current SOC (State Of Charge), and a current 
Tbat- 

[0079] Steps S301 to S307 are the same as the steps S201 to S207, so these 
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steps will be explained simply. 

[0080] In step S3 03, the battery control unit 1 1 calculates an effective no-load 

charge voltage V cha oc at the current SOC, the current battery temperature T B at, and the 
current charge current I c h a . 

[0081] In addition, in step S305, the battery control unit 11 calculates an 

equivalent charge resistance Rcha_ e at the current SOC, the current battery temperature 
Tbat ? and the current charge current I C ha. 

[0082] Then, in step S307, the battery control unit 1 1 calculates a maximum 

charge current I C ha_max by the following equation. 
[0083] [Equation] 

V -V 

j cha _ max ¥ cha_oc 

cha _ max - ~Z 

where V C ha_max is a predetermined maximum charge voltage, V C ha_oc is the 
effective no-load charge voltage, and Rcha_e is the equivalent charge resistance. 

[0084] After calculating the maximum charge current I C ha_max> in step S309, 

the battery control unit 1 1 calculates available charge power P a vaiiabie_cha based on the 
predetermined maximum charge voltage V cha _max 5 the maximum charge current I C ha_max, 
a predetermined battery maximum current Ibat_max, and the charge voltage feedback 
factor Gcha- 

[0085] Firstly, in step S3 11, the battery control unit 11 determines whether 

the calculated maximum charge current is greater than the predetermined battery 
maximum current. 

[0086] If it is determined that the maximum charge current is not greater than 

the predetermined battery maximum current in step S3 11, the battery control unit 11 
calculates the available charge power P aV aiiabie_cha by the following equation (S3 1 3). 
[0087] [Equation] 

Pavailable_cha — Vcha_max * Icha_max * G c h a 

[0088] On the other hand, if the determination in step S31 1 is affirmative, the 

battery control unit 1 1 calculates the available charge power P aV aiiabie_cha by the following 
equation (S3 15). 
[0089] [Equation] 

Pavailable_cha — V c ha_max* Ibat_max* G c h a 

Referring to FIG. 5, a method for calculating available discharge power of a 
battery according to the embodiment of the present invention will be explained. 
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[0090] At first, in step S501, the battery control unit 11 detects a current 

discharge current I dch5 a current SOC (State Of Charge), and a current T B at. The 
discharge current and the battery temperature can be detected by the battery current 
sensor 15 and the battery temperature sensor 13. 

[0091] Then, in step S503, the battery control unit 1 1 calculates an effective 

no-load discharge voltage Vd C h_oc at the current SOC, the current battery temperature 
Tbat, and the current discharge current Idch- 

[0092] In addition, in step S505, the battery control unit 11 calculates an 

equivalent discharge resistance Rdch_e at the current SOC, the current battery 
temperature T B at 5 and the current discharge current I dC h- 

[0093] The effective no-load discharge voltage and the equivalent discharge 

resistance can be determined in a similar way with the effective no-load charge voltage 
and the equivalent charge resistance. The effective no-load discharge voltage and the 
equivalent discharge resistance can be calculated using predetermined effective no-load 
discharge voltage data and predetermined equivalent discharge resistance data. The 
predetermined effective no-load discharge voltage data include effective no-load 
discharge voltage values respectively at various predetermined discharge current ranges, 
various predetermined SOCs, and various predetermined battery temperatures. The 
predetermined equivalent discharge resistance data and the predetermined effective no- 
load discharge voltage data can be experimentally determined. 

[0094] For example, battery terminal voltages are detected at each of the 

predetermined SOCs at one of the predetermined discharge current ranges while a 
battery is discharged by a constant current at a predetermined temperature. Such 
detections are repeated for each of the predetermined discharge current ranges at various 
battery temperatures. 

[0095] Then, the equivalent discharge resistances R^ qu are calculated at the 

predetermined discharge current ranges, the predetermined SOCs, and the 
predetermined battery temperatures, based on the constant currents and the detected 
terminal voltages. As an example, if the detected terminal voltage is Vi when the battery 
is discharged by the constant current Ii and the detected terminal voltage is V2 when the 
battery is discharged by the constant current I2, the equivalent resistance can be 
calculated by dividing a difference between the V2 and the Vi by a difference between 
the I2 and the Ij, i.e., Req U = (V 2 -Vi)/(I 2 -Ii). By performing this calculation for each of 
the predetermined SOCs respectively at the predetermined discharge current ranges and 
at the predetermined battery temperatures, the equivalent discharge resistance data can 
be determined. 



12 



[0096] Then, the effective no-load discharge voltage V e ff can be calculated 

based on the calculated equivalent discharge resistance data, the constant current, and 
the detected terminal voltage. For example, the effective no-load discharge voltage can 
be calculated by summing the detected terminal voltage Vi and a value acquired by 
multiplying the constant current Ii by the equivalent discharge resistance, i.e., V e ff = Vi 
+ Requ or by summing the detected terminal voltage V 2 and a value acquired by 
multiplying the constant current I2 by the equivalent discharge resistance, i.e., V C fr= V 2 
+ Requ *l2- By performing this calculation for each of the predetermined SOCs 
respectively at the predetermined discharge current ranges and at the predetermined 
battery temperatures, the effective no-load discharge voltage data can be determined. 
[0097] Based on the equivalent discharge resistance data and the effective no- 

load discharge voltage data, the equivalent discharge resistance Rdch_e and the effective 
no-load discharge voltage V dC h_oc can be calculated at the current SOC, the current 
battery temperature, and the current discharge current. 

[0098] The equivalent discharge resistance Rdch_e and the effective no-load 

discharge voltage V dc h_oc at the current SOC, the current battery temperature, and the 

current discharge current can be determined through interpolation using the equivalent 

discharge resistance data and the effective no-load discharge voltage data. 

[0099] Then, in step S507, the battery control unit 1 1 calculates a maximum 

discharge current Idch_max by the following equation. 

[0100] [Equation] 

V -V 

j _ dch _oc dch _mm 

dch_max — "~ — — — 

K dch_e 

where V<j C h_oc is the effective no-load discharge voltage, Vd C h_min is a 
predetermined minimum discharge voltage, and Rdch_e is the equivalent discharge 
resistance. The predetermined minimum discharge voltage Vdchmin is a minimum 
voltage at which a battery can be normally discharged, and it is inherently determined 
for each battery. 

[0101] After calculating the maximum discharge current Idch_max in step S509, 

the battery control unit 1 1 calculates a discharge terminal voltage V dch _ t based on the 
effective no-load discharge voltage V dch _ 0 c 5 the equivalent discharge resistance R<jch_e ? 
the maximum discharge current I d ch_max, and the predetermined battery maximum 
current Ibat_max. The predetermined battery maximum current is a maximum current that 
can flow from a battery in a normal operation of the battery, and it is inherently 
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determined for each battery. 

[0102] Firstly, in step S511, the battery control unit 11 determines whether 

the calculated maximum discharge current is greater than the predetermined battery 
maximum current. 

[0103] If it is determined that the maximum charge current is not greater than 

the predetermined battery maximum current in step S511, the battery control unit 11 
calculates the discharge terminal voltage V dC h_t by the following equation (S513). 
[0104] [Equation] 

Vdch_t = Vdch_oc - Idch_max * Rdch e 

[0105] On the other hand, if it is determined that the maximum charge current 

is greater than the predetermined battery maximum current in step S511, the battery 
control unit 1 1 calculates the discharge terminal voltage V dc hj by the following equation 
(S515). 

[0106] [Equation] 

Vdch_t — Vd c h_ 0 c ~ Ibat max * Rdch e 

[0107] After calculating the discharge terminal voltage V dch _ t , the battery 

control unit 1 1 calculates the available discharge power P a vaiiabie_dch by the following 
equation (S517). 
[0108] [Equation] 

Pavailable_dch = Vdch_t*Idch_max 

[0109] Next, referring FIGs. 6 and 7, a method for calculating available 

discharge power of a battery according to another embodiment of the present invention 
will be explained. 

[0110] At first, in step S600, the battery control unit 11 renews a discharge 

voltage feedback factor G dC h based on the current battery voltage and the above stated 
predetermined minimum discharge voltage V dch m in. 

[0111] Referring to FIG. 7, renewing of the discharge voltage feedback factor 

Gdch will be explained. 

[0112] At first, in step S701, the battery control unit 1 1 determines whether a 

current battery voltage V ba t_reai is less than the predetermined minimum discharge 
voltage V dch 

min- 

[0113] If the current battery voltage V ba t_reai is less than the predetermined 

minimum discharge voltage V dch m in ? the discharge voltage feedback factor G dc h that was 
calculated in a previous routine is decreased by a predetermined value in step S703. As 
an example, the predetermined value can be 0.03. 

[0114] On the other hand, if the current battery voltage Vbat_reai is not less 
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than the predetermined minimum discharge voltage V dC h_min, the discharge voltage 
feedback factor Gdch that was calculated in the previous routine is increased by a 
predetermined value in step S705. As an example, the predetermined value can be 0.01. 
[0115] Then, in step S707, the battery control unit 1 1 determines whether the 

changed discharge voltage feedback factor Gd C h is greater than 1 . 

[0116] If the determination in step S707 is affirmative, the discharge voltage 

feedback factor Gdch is set as 1 in step S709. 

[0117] On the other hand, if the determination in step S707 is negative, the 

battery control unit 11 determines whether the changed discharge voltage feedback 
factor G dC h is less than 0 in step S71 1 . 

[0118] If the determination in step S711 is affirmative, the discharge voltage 

feedback factor G dC h is set as 0 in step SS713, and otherwise, the process ends. 
[0119] Referring again to FIG. 6, in step S601, the battery control unit 11 

detects a current discharge current I dC h, a current SOC (State Of Charge), and a current 
Tbat- 

[0120] Steps S601 to S607 are the same as the steps S501 to S507, so these 

steps will be explained simply. 

[0121] In step S603, the battery control unit 1 1 calculates an effective no-load 

discharge voltage V dc h_oc at the current SOC, the current battery temperature T B at> and 
the current discharge current I dC h. 

[0122] In addition, in step S605, the battery control unit 11 calculates an 

equivalent discharge resistance Rdch_e at the current SOC, the current battery 
temperature Tbat? and the current discharge current Id C h- 

[0123] Then, in step S607, the battery control unit 1 1 calculates a maximum 

discharge current Idch_max by the following equation. 
[0124] [Equation] 

V -V 

dch_mw. — — - — — 

where V cha max is a predetermined maximum discharge voltage, V C ha oc is the 
effective no-load discharge voltage, and Rcha_e is the equivalent discharge resistance. 

[0125] After calculating the maximum discharge current I C ha max? in step 

S609, the battery control unit 1 1 calculates a discharge terminal voltage Vdchj based on 
the predetermined maximum discharge voltage V C ha max? the maximum discharge current 
Icha_max, and a predetermined battery maximum current Ibat_max- 

[0126] The predetermined battery maximum current is a maximum current 
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that can flow from a battery in a normal operation of the battery, and it is inherently 
determined for each battery. 

[0127] Firstly, in step S611, the battery control unit 11 determines whether 

the calculated maximum discharge current is greater than the predetermined battery 
maximum current. 

[0128] If it is determined that the maximum discharge current is not greater 

than the predetermined battery maximum current in step S61 1, the battery control unit 
1 1 calculates the discharge terminal voltage V dc h_t by the following equation (S613). 
[0129] [Equation] 

Vdch_t ~~ Vd c h ~ Idch max * Rdch e 

[0130] On the other hand, if the determination in step S61 1 is affirmative, the 

battery control unit 1 1 calculates the discharge terminal voltage Vdch_t by the following 
equation (S615). 
[0131] [Equation] 

Vdch_t Vdch_oc " Ibat_max * Rdch_e 

[0132] After calculating the discharge terminal voltage Vd C h_t 5 the battery 

control unit 11 calculates the available discharge power P a vaiiabie_dch by the following 
equation (S617). 
[0133] [Equation] 

Pavailable_dch = Vdch_t* Idchjnax* Gdch 

[0134] The available charge power and the available discharge power that are 

calculated as stated in the above can be sent to other controllers of a vehicle, and they 
can be used for a control of the vehicle. 

[0135] Although preferred embodiments of the present invention have been 

described in detail hereinabove, it should be clearly understood that many variations 
and/or modifications of the basic inventive concepts herein taught which may appear to 
those skilled in the present art will still fall within the spirit and scope of the present 
invention, as defined in the appended claims. 

[0136] In the method for calculating available power of a battery according to 

the embodiment of the present invention, the available power of the battery can be 
calculated using a charge current, a state of charge, and a battery temperature. 
Therefore, the available power of the battery can be precisely estimated, so optimal use 
of the battery can be possible. 

[0137] Furthermore, because the available discharge power is calibrated by 

the charge voltage feedback factor and the discharge voltage feedback factor, battery 
errors according to too high voltage or too low voltage can be prevented. 
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